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Abstract — An interpretation on the solid circulation characteristics in a fluidized-bed process has been carried out as a
first step to simulate the dry entrained-bed absorption and bubbling-bed regeneration system for CO, removal from flue
gas. A particle population balance has been developed to determine the solid flow rates and particle size distributions in
the process. Effects of principal process parameters have been discussed in a laboratory scale process (absorption col-
umn: 25 mm i.d., 6 m in height; regeneration column: 0.1 m i.d., 1.2 m in height). The particle size distributions in
absorption and regeneration columns were nearly the same. As gas velocity or static bed height in the absorption col-
umn increased, soild circulation rate and feed rate of fresh sorbent increased, however, mean particle diameter decreased
in the absorption column. As cut diameter of the cyclone of the absorption column increased, solid circulation rate
decreased, whereas feed rate of fresh sorbent and mean particle diameter in the absorption column increased. As attri-
tion coefficient of sorbent particle increased, solid circulation rate and feed rate of fresh sorbent increased but mean par-
ticle diameter in the absorption column decreased.
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Fig. 1. Flow diagram of an entrained-bed absorption and bubbling-
bed regeneration system using dry sorbent for CO, removal
from flue gas.
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IN=A K=
a : decay constant [1/m]
A : cross-sectional area of absorption column [m?]
Ar : Archimedes number [—]
C, : drag coefficient [—]
d : particle diameter [m]
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D, : column diameter [m]

E; - entrainment rate of particles in size i [kg/m>s]

E;, : cluster flux of entrained particles in size i [kg/m*s]

E;, :dispersed noncluster flux of entrained particles in size i or
elutriation rate constant of particles in size i above TDH [kg/
m?s]

F, : drag force on the particle per projection area [Pa]

F, : gravity force minus buoyancy force per projection area of
particle [Pa]

F, : solid flow rate of stream k [kg/s]

g : gravitational acceleration [m/s?]

Gy, - solid flux in the absorption column [kg/m’s]

h : height above the distributor [m]

H, : bed height calculated from Eq. 30 [m]
H,, :HyatU,,[m]

h, : static bed height [m]

H, : column height [m]

K; (x) : particle entrainment rate in size x from the column j [kg/s]
k; : attrition rate constant in the column j [1/m]

p : pressure [Pa]

p{X) : probability density function of particle size X in the stream
k [1/m]

p,(x) : probability density function of size x of particle formed by
attrition in the column j [1/m]

py(x) : probability density function of particle size x in the column j
[1/m]

Ri(x) : shrinking rate of particle sphere in the column j [m/s]

R, : formation of fine particles by particle attrition in the
column j [kg/s]

Re, : particle Reynolds number [-]

R, : fraction of particle fed to regenerator among particle
captured by the cyclone of the absorption column [—]

R, : fraction of particle fed to regenerator among particle
captured by the cyclone of the regeneration column [—]

t : time [s]

U : superficial gas velocity [m/s]

U; : U in the column j [m/s]

U,, : U at minimum fluidizing condition [m/s]

U,; :U,yin the column j [m/s]

U, : particle velocity in the absorption column [m/s]

U, : terminal velocity [m/s]

W; : weight of bed solids in the column j [kg]

X : diameter of particle [m]

X 51 - Mean particle diameter in the absorption column [m]

X, : cut diameter of the cyclone of the absorption column [m]

Xpmax . Maximum diameter of particle [m]

J2[o|A 2K}

oy (%), 05(x) : function defined by Egs. 2 and 3 [1/m]

oy3(x) : function defined by Eq. 4 [1/m?]

0ly;(X), axy(x) : function defined by Eqgs. 16 and 17 [1/m]
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0ly3(X) : function defined by Eq. 18 [1/m’]

: constant [—]

: solid holdup in the absorption column []

Yi(x) : particle collection efficiency of the cyclone of the

7.

column j in size x [-]
: gas viscosity [Pas]
: gas density [kg/m’]
: apparent particle density [kg/m’]

: index for particle diameter
: index, 1 for the absorption column; 2 for the regeneration column
: index for flow stream

: fully developed flow condition
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